Introduction

Dyslipideamia [i.e. high serum levels of triglycerides (TG) and/or low serum levels of high density lipoprotein cholesterol (HDL-C)] and insulin resistance are major risk factors for coronary heart disease (CHD) in elderly people
. It is well known that moderate to high intensity exercise training ameliorates these risk factors for CHD. Additionally, the improvements in blood lipids and insulin resistance are associated with loss of body weight and/or body fat (2) (3) (4) (5) . By contrast, the improvements in physical fitness achieved by exercise training are not necessarily associated with a reduction in these risk factors (2) (3) (4) .
Regular exercise training can also help to reduce CHD risk factors in the elderly (6) . Because elderly people have more physical and/or medical limitations than middle-aged people, however, the intensity of the exercise program is usually lower and the amount of exercise undertaken tends to decline with aging (7) (8) (9) . Although feasible for most elderly people, such low-intensity and low-volume exercise may be insufficient to improve lipid metabolism and/or insulin resistance. Indeed, few studies have investigated whether a low level of exercise training is also effective in improving insulin resistance and/or blood lipid levels (10) . Moreover (14) .
Measurement of blood pressure (BP)
BP was not measured for practical reasons, namely, minimizing the variation across measurements calls for five or more BP measurements to be taken in at least two settings (15) and the reproducibility of within-day BP measurements is known to be poor (16) . 
Diet evaluation
Dietary intake was estimated on the basis of consecutive three-day (including one weekday) food diaries at the beginning and the end of the program. Each participant was instructed on how to record detailed descriptions of all foods consumed. Total dietary energy and lipid intake were calculated with the PC software 'Food Frequency Questionnaire Based on Food Groups' Ver. 2.3 (Kenpaku Co., Tokyo).
Exercise training program
T a b l e 1 . P h y s i c a l a n d Me t a b o l i c P r o f i l e s b e f o r e a n d a f t e r T r a i n i n g J for Windows software (SPSS Institute, Chicago, IL) was used for the analysis.
Results
Effect of exercise on physical and metabolic profiles
Of the 75 participants enrolled in the trial, 56 ( Table 1 ) or in the High-VO2 peak group. (Fig. 2) . (23) . In the present study, the VO2 peak did not significantly increase after training on average ( F i g u r e 2 . Re l a t i o n s h i p s b e t we e n r e l a t i v e c h a n g e i n HOMA-I R a n d r e l a t i v e c h a n g e i n VO2 p e a k  i n t h r e e g r o u p s s t r a t i f i e d o n t h e b a s i s o f b a s e l i n e a e r o b i c f i t n e s s ( L o w, Mi d d l e , Hi g h -VO2 p e a k ity (2, 3, 5) . However, the subjects in those studies were obese or overweight (BMI>25). It is not known whether weight and/or fat loss is an important indicator of an improvement in insulin resistance during exercise training in non-obese participants. Therefore, we categorized the participants into three groups based on their obesity level (i.e. BMI). As shown in Fig. 1, for (26) , or the development of disease and an increase risk of mortality (27) 
ANOVA did not reveal a difference in the reduction in HOMA-IR among the three groups (P=0.69). In the Middle-VO2 peak group, we did not find a significant relationship between the reduction in HOMA-IR and the improvement in VO2 peak, as in the overall analysis. In the Low-VO2 peak group, however, the reduction in HOMA-IR was related to the improvement in VO2 peak
Discussion
Previous reports have noted that exercise training may improve insulin resistance and lipid metabolism in elderly subjects (17-21). However, it is doubtful whether the exercise training programs studied are feasible for most elderly people. Thus, here we implemented a low-intensity (~50% VO2 peak) and low-volume (90 min/wk in aerobic training) exercise training program that, to our knowledge, has not previously been studied.
T a b l e 2 . Me a n Va l u e s o f t h e S u b j e c t s S t r a t i f i e d i n t o T e r t i l e s o f B MI
F i g u r e 1 . Re l a t i o n s h i p s b e t we e n r e l a t i v e c h a n g e i n HOMA-I R a n d r e l a t i v e c h a n g e i n B MI i n t h r e e g r o u p s s t r a t i f i e d o n t h e b a s i s o f b a s e l i n e B MI ( L o w, Mi d d l e , Hi g h ) . L o w
This exercise training did not result in an improvement in serum HDL-C or TG levels in the elderly. Several studies suggest that there is a dose-response relationship between exercise training volume and blood lipid changes in the general population (22). Our result indicates, however, that lowvolume exercise training is not sufficient to alter lipid values in the elderly. The American College of Sports Medicine (ACSM) has stated that exercise training at an intensity of less than about 50% maximal oxygen uptake (VO2 max) is generally not sufficient for developing fitness in healthy adults
T a b l e 3 . Me a n Va l u e s o f t h e S u b j e c t s S t r a t i f i e d i n t o T e r t i l e s o f VO2 P e a k
